Abstract Parents have the opportunity to educate their children to facilitate behaviours and lifestyle habits that may prevent or delay genetic disease, or mitigate predispositions within the family. We sought to determine parents' understanding of genetic knowledge and heritability. Using a quantitative survey methodology 108 volunteer participants were surveyed from a convenience sample of all parents/caregivers within the waiting room of a general children's outpatient clinic. Results indicated that average genetic knowledge levels were fairly high, with the majority of participants scoring 70-80 % correct on knowledge-based questions. Further, scores were found to be positively correlated with education, but inversely correlated with self-perceived knowledge. This finding suggests that participants with less experience tended to overestimate their knowledge. We suggest that gaps in knowledge of genetics and heritability could be improved by using educational interventions such as media campaigns, provision of informational brochures, or changes to current high school curriculum which would increase exposure to genetics and heritability for both parents and children.
Introduction
As scientific understanding of genetic and environmental causes of disease continues to improve, the potential to improve public health knowledge through knowledge translation increases (Haga et al. 2013a; . However, attempts to enhance public knowledge must take into account current knowledge and potential misperceptions surrounding heritability, genetics, and the role of behaviour and environment in disease. Customizing educational activities to address knowledge gaps and enhance strength in understanding may help to ensure that misconceptions are mitigated, and existing knowledge is enhanced (Condit and Shen 2011; Lanie et al. 2004; Richards and Ponder 1996; Smerecnik et al. 2008) . The current study was done to further understand parents' and caregivers' knowledge and potential misconceptions of genetic and environmental causes of disease in an effort to determine if and how knowledge sharing could be improved.
Parents/caregivers hold a unique decision making responsibility for not only their current children, but potentially also for future children or grandchildren and the family as a whole (Tabor et al. 2011) . Understanding of family history, heritability, and environmental interactions may allow parents to take actions that benefit their family, including advising those who may be predisposed to adult onset diseases. It is particularly important that parents/caregivers are both informed and accurate in their perceived knowledge of genetic disorders so they can ensure their children interact as effectively as possible with their environment. While direct instruction or communication may be ineffective in adoption of geneticallyresponsible behaviours (Hollands et al. 2016) , when parents/ caregivers are aware of genetic risk factors, they have the potential to implement appropriate health behaviours in household routines or habits (e.g. purchasing/preparing healthy meals while excluding those with potential negative health consequences; Rew et al. 2010) .
Public Knowledge
Previous studies of public knowledge of genetics and heritability have suggested that, while members of the general public understand that common diseases or traits can be inherited, there appear to be gaps in understanding of the more complex and detailed mechanisms by which heritability occurs (e.g., genes, chromosomes, dominant or recessive traits, multi-gene interactions; Haga et al. 2013a, b; Hall et al. 2015; Henneman et al. 2004; Molster et al. 2009; Smerecnik et al. 2008) . Although an array of considerations may contribute to parental choices, ultimately decisions have the potential to be influenced by gaps in knowledge about genetics and heritability at the time of decision making (Tabor et al. 2011) . In addition to contributing to decision making, knowledge can be linked to attitudes and perspectives towards genetics namely, more enthusiasm, more positive attitudes, and increased support for genetic testing, along with increased critical review of information (Etchegary et al. 2010; S. B. Haga et al. 2013a, b; Hall et al. 2015) . While geneticenetic discrimination is seen as a legitimate concern there is general consensus within previous studies indicating that genetic testing should be available to those who would benefit from it (Etchegary et al. 2010; Farrimond and Kelly 2013) .
There have been inconsistent findings in the literature regarding the public's understanding of gene-environment interactions (Condit and Bates 2005; Condit and Shen 2011; Lanie et al. 2004; Molster et al. 2009; Smerecnik et al. 2008) . In general, the lay public believe that environmental and genetic factors have a varying degree of influence in assorted diseases or traits (Condit and Bates 2005; Lanie et al. 2004 ). However, a study by Molster et al. (2009) found that people failed to understand the impact of environmental factors on the onset and severity of disease. Interestingly, Condit and Shen (2011) found that while some people recognize the influence of environmental factors on disease presentation, environmental factors are often understood to be a Btrigger^for a genetic disease which would otherwise not present. This belief, while accurate in some cases, represents an oversimplification of the diverse gene-environment interactions which may lead to disease onset.
Influences on Public Opinion
When considering factors that may contribute to differences in knowledge or perspectives, higher levels of education are most tightly linked to more advanced knowledge of genetics and heritability (Haga et al. 2013a; Hamilton et al. 2015; Henneman et al. 2004; Smerecnik et al. 2008) . Members of the public derive most of their knowledge from the internet and health care providers, particularly genetic counselors and family practitioners (Bannon et al. 2014) . Written materials, support groups, and medical journals were also referenced, although less often (Bannon et al. 2014; Hamilton et al. 2015) . Finally, individuals with a family history of disease or communities with known genetic diseases may have more knowledge due to personal experience (Tabor et al. 2011) .
Although multiple previous studies have considered the knowledge and perspectives of various groups within the general public, it appears that none have specifically addressed the knowledge and perspectives of parents and caregivers of youth. The current study was done to improve our awareness about parents' knowledge and understanding of genetics and heritability. The research is pertinent because parents have the opportunity to contribute to the development of childrens' lifestyle and health habits which may contribute to prevention or delay of onset of symptoms based on genetic predispositions in the family.
Research Questions 1) How knowledgeable are parents/caregivers in the areas of genetics and heritability? 2) Are the demographic variables of sex, age, location, education level, family history of disease, and self-rated knowledge of genetics related to knowledge scores or understanding of the application of genetic information?
Methodology
The current study employed a quantitative survey methodology. Ethics compliance was received from the Health Sciences and Affiliated Hospitals Research Ethics Board at the University.
Participants
Participants in the current study included parents/guardians and caregivers of children, selected by convenience sampling in the waiting room of an urban community childrens' outpatient clinic. The clinic is a pediatric urgent Bwalk-in^clinic as well as a general and specialty pediatric consultation centre which includes genetic specialists. It is open Monday to Friday excluding holidays from 8:30 am until 4:00 pm. All parents/caregivers in the waiting room were offered the opportunity to complete the survey. The clinic is a primary source of pediatric care in the region of study so this recruitment method is expected to reflect a representative sample of parents in the region.
Instrumentation
Knowledge in this study was measured with a survey instrument developed by Molster et al. (2009) for their study on the publics' knowledge of human genetics. Original questions from this study were not altered for use in this study, with the exception of one age-range category. This category was extended to include parent ages from 15 to 34, whereas the original specified ages 18-34, which would have excluded some parents attending the clinic. As the original study was conducted with Western-Australian adults over the age of 18, the survey was deemed appropriate for use in this study due to similarities in age, culture, and educational demographics. Items within the survey included demographic variables of sex, age group, postal code (location), educational background, and family history of disease. Participants were then asked to self-rate their own knowledge of genetics, followed by a series of True-False knowledge questions (see Table 1 ), and questions pertaining to knowledge of factors in disease (see Table 2 ). In factor questions, participants were given a list of conditions, and asked to identify the cause, be it all genetic, all environmental, a mix, or to indicate if they don't know the causes of the condition. Finally, participants were given a list of terms and asked Bwhich terms come to mind in relation to the phrase`human genetic information'^, indicating their perspective with the responses yes, no, or I don't know (see Table 5 ).
Procedures
Participants were recruited via an information booth located in the waiting room of a children's outpatient clinic at an urban hospital. The information booth was set up 2 to 3 days per week over a period of 3 months. A medical student attended the booth over several days and administered questionnaires to all interested parents/caregivers on a volunteer basis. Data for the current study was collected using a hard-copy survey methodology and later manually input to SPSS software for analysis.
Data Analysis
Frequencies of various demographic variables were calculated in order to consider the backgrounds of participants who opted into the study. A series of stepwise linear regressions were then completed in order to ascertain the relationship between demographic variables and knowledge and understanding of genetics and heritability.
True-False questions and Factor questions were marked as correct or incorrect based on current scientific understandings. Correct responses were then totaled to calculate overall TrueFalse (TF) and Factor Knowledge Scores (FS). These continuous scores were then used as dependent variables in stepwise linear regressions, while independent variables included demographic variables such as sex, age, location, education, family history, and self-rated knowledge were entered as independent (in some cases Bdummy^) variables.
Application scores (AS) were calculated as the total number of terms identified as related to human genetics. This variable was used as the dependent variable in a stepwise linear regression, with variables of sex, age, location, education, family history, self-rated knowledge, TF, and FS as independent variables.
Results

Participants
In total, 108 parents and caregivers participated in the current study. Of these, 68.3 % were female, while 31.7 % were male. Half of the participants (48.1 %) fell between the ages of 15 and 34, while 33.7 % were between the ages of 35 and 44, 17.3 % were between the ages of 45 and 54, and only 1 % was In rating levels of education, 62.1 % of parents/caregivers indicated they held an undergraduate degree or college certificate, while an additional 5.8 % held a postgraduate degree. Another 16.5 % had completed high school with no post secondary education, and 15.5 % had not completed high school.
A majority of parents/caregivers indicated that, to their knowledge, they had no family history of genetic disease (70 %), while the remaining minority (30 %) identified family histories of a variety of genetic conditions. The most commonly identified familial conditions were diabetes and autism spectrum disorders.
Finally, when asked to rate their personal knowledge of genetics along a scale from no knowledge to quite a lot of knowledge, a majority of participants indicated that they had no knowledge (6.9 %), not very much knowledge (26.5 %), or only a small amount of knowledge (49.0 %). Only 16.7 % of participants indicated they held quite a lot of knowledge, while only 1 % felt that they knew a great deal.
Knowledge
True and false scores were high, with an average score of 8.58 (85.8 % correct, SD = 1.37) out of a possible 10. Eighty-three percent of participants scored 80 % or higher in these questions. While a majority of True-False questions were often answered correctly, it appears that participants scored lower on questions regarding the relationship between lifestyle and risk of disease, and the presence of genes within a blood sample (see Table 1 ).
Factor knowledge (FS) scores were high, but less so than TF scores. Average FS scores were 7.63 (SD = 2.18) out of a possible score of 11. While participants generally understood the causes of conditions such as frostbite, eye colour, cancer, obesity, heart disease, and high blood pressure, with more than 75 % of participants correctly identifying disease factors, fewer participants were able to correctly identify the causes of depression, hemophilia, cystic fibrosis, Huntington's disease, and spina bifida. Of these, very few participants were able to correctly identify the factors responsible for spina bifida, with only 15 % of respondents able to correctly identify that both genetic and environmental factors lead to the disease (see Table 2 ).
Linear regressions indicated that education was positively related to both TF (see Table 3 ) and FS (see Table 4 ), while self-rated knowledge had a negative relationship with both TF and FS. Both regression models for TF and FS were found to be significant. Sex, age group, location, and family history were found to have no significant impact on TF or FS scores.
Applicability of Human Genomics
On average, people felt that 8.37 of the 12 listed terms were related to human genomics. Although scientifically speaking there is some grey area regarding absolute relation to human genomics on some items, for all intents and purpose all terms were related to human genomics. While all participants associated the term DNA with human genomics, it was less common for participants to associate the terms biobanks (43.7 %), healthy babies (53.9 %), Crime Scene Investigation (63.6 %), uniqueness of a person (68.2 %), Human Genome Projects (68.9 %), and medical or health research (72.5 %) with their idea of human genetic information (see Table 5 ).
A linear regression indicated that TF and FS had significant positive relationships with the number of terms a person felt were related to human genomics (see Table 6 ). A model of these two variables was found to predict 33.1 % of the variance in the number of terms identified. Variables of age, sex, location, family history, and self-rated knowledge were found to have no significant relationship with the number of terms a person indicated were related to human genomics.
Discussion
Participant demographics align with typical parenting ages. A high proportion of participants reside in urban areas, as would be expected of participants attending this urban hospital. The majority of participants in the study were female, aligning with common research of trends of disproportionately high female opt-in. Finally, reported education levels are comparable to Canadian statistics reported in the most recent census (Statistics Canada 2009).
Overall, participants scored high in their both their TF responses and in their knowledge of factors of various conditions. It is readily apparent that, while participants were able to identify the causes of common conditions (frostbite, eye colour, cancer, obesity, heart disease, and high blood pressure), less were able to correctly identify the causes of uncommon or rare conditions (depression, hemophilia, cystic fibrosis, Huntington's disease, and spina bifida).
Analysis of knowledge questions found that participants with higher levels of education scored higher in tests of genetic knowledge. The finding that education levels are associated with knowledge of genetics is consistent with that of previous research (Haga et al. 2013a; Hamilton et al. 2015; Henneman et al. 2004; Smerecnik et al. 2008) . Interestingly participants' confidence in their genetic knowledge was negatively related to scores on genetic knowledge questions. These positive and negative effects of education and self-confidence respectively were moderate for true-false questions, but strong for factor scores. It is possible that participants tended to overestimate their own knowledge (Blanton et al. 2001) . Increases in knowledge may also be related to a realization of the complexity of genetics and heritability, and acknowledgement that there is far more to be known about the subject (Kruger and Dunning 1999) . The observed difference in correlative strength may be attributed to the quality of survey questions.
In addition to this finding, actual TF and FS knowledge scores were found to be positively related to the number of terms a person associated with human genetic information. Thus, the more a person knows about genetics, the more aware they are of subjects and applications of human genetic information. Practice Implications
Because education was the single positively related variable in knowledge scores, it seems appropriate that we address educational interventions to address potential misunderstanding or gaps in understanding of participants who responded to our survey. Further, education has been previously shown to improve enthusiasm and positivity towards genetic testing, while also making one more critical of the use of genetic testing (Etchegary et al. 2010; Haga et al. 2013a; Hall et al. 2015) . Various public education initiatives have been undertaken to increase knowledge of genetics and heritability.
We emphasize that education initiatives should focus on general knowledge understanding rather than specific education about rare diseases in provision of basic but accurate understanding. Then, in the case that more rare diseseas are encountered, additional information specific to that disease may be taught, building on existing knowledge. Improved genetic knowledge has been demonstrated to contribute to reduced anxiety and improved psychological state in decision making (Meilleur and Littleton-Kearney 2009) . Effective interventions should incorporate a level of interaction (Meilleur and Littleton-Kearney 2009 ) such as interactive computer lessons, videos, decision aids, and group sessions. Other alternatives may include provision of informational brochures in diverse languages (Saleh and Barlow-Stewart 2005) , or media campaigns (i.e., print, television, online media, etc.). Information should clearly link behaviour with the onset of disease (Cameron et al. 2012) , and emphasize behavioural changes that reduce familial disease risk in a transparent manner such that members of the general public can understand their genetic predispositions and possible actions which can be taken (Kaphingst et al. 2012) . Further, educational campaigns should address current understanding and build on it to resolve any gaps or misconceptions (Harvey et al. 2007 ).
Other considerations include improved genetics education and resources for primary health care providers who are usually the first health professionals most patients approach. Based on the finding that individuals who report high confidence in their genetic knowledge may be overestimating their competence, it is important that counsellors and support networks provide information and support regardless of reported knowledge (Kaphingst et al. 2012) . While these treatments focus primarily on public settings, it is important that we draw attention to genetic education in schools. Gaps may exist in local secondary school curricula, as genetics education is not mandated until upper year specialized courses (Ontario Ministry of Education, T 2008; Saleh and Barlow-Stewart 2005) . Approaches to increasing knowledge of genetics and heritability of disease may include incorporation of the subject in a mandatory course at some level. Possible strategies include health classes, and lower level science courses. One educational approach from Haga et al. (2013a, b) connected elementary curriculum with basic knowledge of the human genome in a family-friendly, experiential museum-based activity. Another solution could include smaller presentations within schools outside of the existing curriculum, or annual school-wide events, comparable to a science fair, in which students have the opportunity to engage specifically in subjects of genetics and human health (Saleh and Barlow-Stewart 2005) .
Study Limitations
In the current study analysis may have benefitted from smaller ordinal ranges when asking participants to identify their age. The survey used generalized genetic findings and some questions may not be objectively correct from a genetics science perspective. In addition, some questions lack specificity. Therefore, individuals with advanced genetics knowledge may not have been able to fully answer these questions. These difficulties should be considered when interpreting the results of our study. Further, use of true-false questions may have increased the likelihood that participants could identify a correct answer by chance. Altering these items to a multiplechoice response method would reduce this chance. Finally, we acknowledge that the word association items included terms that were vague.
The data collection in the current study would have benefitted from a true random sampling method to align the sample population to the population of interest. This may include sampling parents who were in the community and not attendees at the clinic. Identification of role in child's life providing clarification of whether a participant is in fact a parent or alternate caregiver may also have been an interesting variable to incorporate into the survey for inclusion in the regression analysis.
Research Recommendations
Given the importance of genetics understanding in selecting appropriate health promotion strategies, the authors encourage the importance of implementing and testing the efficacy of methods of public education. Development and validation of an updated test or questionnaire for use by genetic counsellors may also prove beneficial for assessing baseline patient/parent genetic knowledge, thus potentially informing knowledge transfer. Such measures may help counsellors and other health professionals better understand patient needs, thus directing and improving the ability to appropriately support patients.
Conclusion
Study participants demonstrated a moderate to high level of knowledge in genetics and heritability, and higher knowledge was positively correlated with increased awareness about the complexity and applications of human genetic information. Further understanding of self-reported compared to actual knowledge before and after genetic counselling would also be of interest. Although parents have a reasonable level of genetic knowledge, additional interventions could improve public understanding. In addition to educational strategies, to improve our understanding of parents'/caregivers' genetics knowledge, we propose to develop a revised tool to be used in this population.
